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• Sept 17 (10:00-12:00)
– Gene identification strategies

• Oct 5 (13:00-17:00)
– Gene identification strategies II, Sequence databases and genome

browsers

• Oct 26 (13:00-15:00)
– Exercises

Course plan

SALLE 2019 GENOPODE

SALLE 2019 GENOPODE
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Prerequisites
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Prerequisites

ESTs
mRNAs

From: V. Jongeneel
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Prerequisites

From: Strachan and Read
Human Molecular Genetics
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Prerequisites
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Suggested readings

Bioinformatics: A Practical Guide to the Analysis of 
Genes and Proteins, 3rd Edition (2005)
Andreas D. Baxevanis
Francis Ouellette
ISBN: 978-0-471-47878-2

Bioinformatics For Dummies, 2nd Edition (2006)
Jean-Michel Claverie
Cedric Notredame
ISBN: 978-0-470-08985-9

Human Molecular Genetics, 3rd Edition (2003)
Tom Strachan
Andrew Read
ISBN: 978-0815341826
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The basics

5’-ATGCC-3’

ATGCC
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The basics

TGACT
or

AGTCA

ALWAYS READ 5’ TO 3’
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The basics

3’-ENNASUAL-5’
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The basics
GCCCTGCGGAGCAAGGTACCTCACACTTCATGAGCGAGTTAAGATGGGTTTCACAATTTT
TCAAGCAAGGAAACGGGCTCGGAGGTCTTGAACACCTGCTACCCAATAGCAGAACAGCTA
CTGGAACTAAAATCCTCTGATTTCAAATAACAGCCCCGCCCACTACCACTAAGTGAAGTC
ATCCACAACCACACACCGACCACTCTAAGCTTTTGTAAGATCGGCTCGCTTTGGGGAACA
GGTCTTGAGAGAACATCCCTTTTAAGGTCAGAACAAAGGTATTTCATAGGTCCCAGGTCG
TGTCCCGAGGGCGCCCACCCAAACATGAGCTGGAGCAAAAAGAAAGGGATGGGGGACTTG
GAGTAGGCATAGGGGCGGCCCCTCCAAGCAGGGTGGCCTGGGACTCTTAAGGGTCAGCGA
GAAGAGAACACACACTCCAGCTCCCGCTTTATTCGGTCAGATACTGACGGTTGGGATGCC
TGACAAGGAATTTCCTTTCGCCACACTGAGAAATACCCGCAGCGGCCCACCCAGGCCTGA
CTTCCGGGTGGTGCGTGTGCTGCGTGTCGCGTCACGGCGTCACGTGGCCAGCGCGGGCTT
GTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGCGGAGCCGCTGTGGCACTGCTGCGCCT
CTGCTGCGCCTCGGGTGTCTTTTGCGGCGGTGGGTCGCCGCCGGGAGAAGCGTGAGGGGA
CAGATTTGTGACCGGCGCGGTTTTTGTCAGCTTACTCCGGCCAAAAAAGAACTGCACCTC
TGGAGCGGGTTAGTGGTGGTGGTAGTGGGTTGGGACGAGCGCGTCTTCCGCAGTCCCAGT
CCAGCGTGGCGGGGGAGCGCCTCACGCCCCGGGTCGCTGCCGCGGCTTCTTGCCCTTTTG
TCTCTGCCAACCCCCACCCATGCCTGAGAGAAAGGTCCTTGCCCGAAGGCAGATTTTCGC
CAAGCAAATTCGAGCCCCGCCCCTTCCCTGGGTCTCCATTTCCCGCCTCCGGCCCGGCCT
TTGGGCTCCGCCTTCAGCTCAAGACTTAACTTCCCTCCCAGCTGTCCCAGATGACGCCAT
CTGAAATTTCTTGGAAACACGATCACTTTAACGGAATATTGCTGTTTTGGGGAAGTGTTT
TACAGCTGCTGGGCACGCTGTATTTGCCTTACTTAAGCCCCTGGTAATTGCTGTATTCCG
AAGACATGCTGATGGGAATTACCAGGCGGCGTTGGTCTCTAACTGGAGCCCTCTGTCCCC
ACTAGCCACGCGTCACTGGTTAGCGTGATTGAAACTAAATCGTATGAAAATCCTCTTCTC
TAGTCGCACTAGCCACGTTTCGAGTGCTTAATGTGGCTAGTGGCACCGGTTTGGACAGCA
CAGCTGTAAAATGTTCCCATCCTCACAGTAAGCTGTTACCGTTCCAGGAGATGGGACTGA
ATTAGAATTCAAACAAATTTTCCAGCGCTTCTGAGTTTTACCTCAGTCACATAATAAGGA
ATGCATCCCTGTGTAAGTGCATTTTGGTCTTCTGTTTTGCAGACTTATTTACCAAGCATT
GGAGGAATATCGTAGGTAAAAATGCCTATTGGATCCAAAGAGAGGCCAACATTTTTTGAA
ATTTTTAAGACACGCTGCAACAAAGCAGGTATTGACAAATTTTATATAACTTTATAAATT
ACACCGAGAAAGTGTTTTCTAAAAAATGCTTGCTAAAAACCCAGTACGTCACAGTGTTGC
TTAGAACCATAAACTGTTCCTTATGTGTGTATAAATCCAGTTAACAACATAATCATCGTT
TGCAGGTTAACCACATGATAAATATAGAACGTCTAGTGGATAAAGAGGAAACTGGCCCCT
TGACTAGCAGTAGGAACAATTACTAACAAATCAGAAGCATTAATGTTACTTTATGGCAGA
AGTTGTCCAACTTTTTGGTTTCAGTACTCCTTATACTCTTAAAAATGATCTAGGACCCCC
GGAGTGCTTTTGTTTATGTAGCTTACCATATTAGAAATTTAAAACTAAGAATTTAAGGCT
GGGCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCGGATCAC
TTGAGGCCAGAAGTTTGAGACCAGCCTGGCCAACATGGTGAAACCCTATCTCTACTAAAA
ATACAAAAAATGTGCTGCGTGTGGTGGTGCGTGCCTGTAATCCCAGCTACACGGGAGGTG
GAGGCAGGAGAATCGCTTGAACCCTGGAGGCAGAGGTTGCAGTGAGCCAAGATCATGCCA
CTGCACTCTAGCCTGGGCCACATAGCATGACTCTGTCTCAAAACAAACAAACAAACAAAA
AACTAAGAATTTAAAGTTAATTTACTTAAAAATAATGAAAGCTAACCCATTGCATATTAT
CACAACATTCTTAGGAAAAATAACTTTTTGAAAACAAGTGAGTGGAATAGTTTTTACATT
TTTGCAGTTCTCTTTAATGTCTGGCTAAATAGAGATAGCTGGATTCACTTATCTGTGTCT
AATCTGTTATTTTGGTAGAAGTATGTGAAAAAAAATTAACCTCACGTTGAAAAAAGGAAT
ATTTTAATAGTTTTCAGTTACTTTTTGGTATTTTTCCTTGTACTTTGCATAGATTTTTCA
AAGATCTAATAGATATACCATAGGTCTTTCCCATGTCGCAACATCATGCAGTGATTATTT
GGAAGATAGTGGTGTTCTGAATTATACAAAGTTTCCAAATATTGATAAATTGCATTAAAC

1’000’000
slides like this one
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The basics
GCCCTGCGGAGCAAGGTACCTCACACTTCATGAGCGAGTTAAGATGGGTTTCACAATTTT
TCAAGCAAGGAAACGGGCTCGGAGGTCTTGAACACCTGCTACCCAATAGCAGAACAGCTA
CTGGAACTAAAATCCTCTGATTTCAAATAACAGCCCCGCCCACTACCACTAAGTGAAGTC
ATCCACAACCACACACCGACCACTCTAAGCTTTTGTAAGATCGGCTCGCTTTGGGGAACA
GGTCTTGAGAGAACATCCCTTTTAAGGTCAGAACAAAGGTATTTCATAGGTCCCAGGTCG
TGTCCCGAGGGCGCCCACCCAAACATGAGCTGGAGCAAAAAGAAAGGGATGGGGGACTTG
GAGTAGGCATAGGGGCGGCCCCTCCAAGCAGGGTGGCCTGGGACTCTTAAGGGTCAGCGA
GAAGAGAACACACACTCCAGCTCCCGCTTTATTCGGTCAGATACTGACGGTTGGGATGCC
TGACAAGGAATTTCCTTTCGCCACACTGAGAAATACCCGCAGCGGCCCACCCAGGCCTGA
CTTCCGGGTGGTGCGTGTGCTGCGTGTCGCGTCACGGCGTCACGTGGCCAGCGCGGGCTT
GTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGCGGAGCCGCTGTGGCACTGCTGCGCCT
CTGCTGCGCCTCGGGTGTCTTTTGCGGCGGTGGGTCGCCGCCGGGAGAAGCGTGAGGGGA
CAGATTTGTGACCGGCGCGGTTTTTGTCAGCTTACTCCGGCCAAAAAAGAACTGCACCTC
TGGAGCGGGTTAGTGGTGGTGGTAGTGGGTTGGGACGAGCGCGTCTTCCGCAGTCCCAGT
CCAGCGTGGCGGGGGAGCGCCTCACGCCCCGGGTCGCTGCCGCGGCTTCTTGCCCTTTTG
TCTCTGCCAACCCCCACCCATGCCTGAGAGAAAGGTCCTTGCCCGAAGGCAGATTTTCGC
CAAGCAAATTCGAGCCCCGCCCCTTCCCTGGGTCTCCATTTCCCGCCTCCGGCCCGGCCT
TTGGGCTCCGCCTTCAGCTCAAGACTTAACTTCCCTCCCAGCTGTCCCAGATGACGCCAT
CTGAAATTTCTTGGAAACACGATCACTTTAACGGAATATTGCTGTTTTGGGGAAGTGTTT
TACAGCTGCTGGGCACGCTGTATTTGCCTTACTTAAGCCCCTGGTAATTGCTGTATTCCG
AAGACATGCTGATGGGAATTACCAGGCGGCGTTGGTCTCTAACTGGAGCCCTCTGTCCCC
ACTAGCCACGCGTCACTGGTTAGCGTGATTGAAACTAAATCGTATGAAAATCCTCTTCTC
TAGTCGCACTAGCCACGTTTCGAGTGCTTAATGTGGCTAGTGGCACCGGTTTGGACAGCA
CAGCTGTAAAATGTTCCCATCCTCACAGTAAGCTGTTACCGTTCCAGGAGATGGGACTGA
ATTAGAATTCAAACAAATTTTCCAGCGCTTCTGAGTTTTACCTCAGTCACATAATAAGGA
ATGCATCCCTGTGTAAGTGCATTTTGGTCTTCTGTTTTGCAGACTTATTTACCAAGCATT
GGAGGAATATCGTAGGTAAAAATGCCTATTGGATCCAAAGAGAGGCCAACATTTTTTGAA
ATTTTTAAGACACGCTGCAACAAAGCAGGTATTGACAAATTTTATATAACTTTATAAATT
ACACCGAGAAAGTGTTTTCTAAAAAATGCTTGCTAAAAACCCAGTACGTCACAGTGTTGC
TTAGAACCATAAACTGTTCCTTATGTGTGTATAAATCCAGTTAACAACATAATCATCGTT
TGCAGGTTAACCACATGATAAATATAGAACGTCTAGTGGATAAAGAGGAAACTGGCCCCT
TGACTAGCAGTAGGAACAATTACTAACAAATCAGAAGCATTAATGTTACTTTATGGCAGA
AGTTGTCCAACTTTTTGGTTTCAGTACTCCTTATACTCTTAAAAATGATCTAGGACCCCC
GGAGTGCTTTTGTTTATGTAGCTTACCATATTAGAAATTTAAAACTAAGAATTTAAGGCT
GGGCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCGGATCAC
TTGAGGCCAGAAGTTTGAGACCAGCCTGGCCAACATGGTGAAACCCTATCTCTACTAAAA
ATACAAAAAATGTGCTGCGTGTGGTGGTGCGTGCCTGTAATCCCAGCTACACGGGAGGTG
GAGGCAGGAGAATCGCTTGAACCCTGGAGGCAGAGGTTGCAGTGAGCCAAGATCATGCCA
CTGCACTCTAGCCTGGGCCACATAGCATGACTCTGTCTCAAAACAAACAAACAAACAAAA
AACTAAGAATTTAAAGTTAATTTACTTAAAAATAATGAAAGCTAACCCATTGCATATTAT
CACAACATTCTTAGGAAAAATAACTTTTTGAAAACAAGTGAGTGGAATAGTTTTTACATT
TTTGCAGTTCTCTTTAATGTCTGGCTAAATAGAGATAGCTGGATTCACTTATCTGTGTCT
AATCTGTTATTTTGGTAGAAGTATGTGAAAAAAAATTAACCTCACGTTGAAAAAAGGAAT
ATTTTAATAGTTTTCAGTTACTTTTTGGTATTTTTCCTTGTACTTTGCATAGATTTTTCA
AAGATCTAATAGATATACCATAGGTCTTTCCCATGTCGCAACATCATGCAGTGATTATTT
GGAAGATAGTGGTGTTCTGAATTATACAAAGTTTCCAAATATTGATAAATTGCATTAAAC

1’000’000
slides like this one
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Some basic terms: Contig
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Some basic terms: Contig
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Some basic terms: RefSeq
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This is the RefSeq, based on contigs
GCCCTGCGGAGCAAGGTACCTCACACTTCATGAGCGAGTTAAGATGGGTTTCACAATTTT
TCAAGCAAGGAAACGGGCTCGGAGGTCTTGAACACCTGCTACCCAATAGCAGAACAGCTA
CTGGAACTAAAATCCTCTGATTTCAAATAACAGCCCCGCCCACTACCACTAAGTGAAGTC
ATCCACAACCACACACCGACCACTCTAAGCTTTTGTAAGATCGGCTCGCTTTGGGGAACA
GGTCTTGAGAGAACATCCCTTTTAAGGTCAGAACAAAGGTATTTCATAGGTCCCAGGTCG
TGTCCCGAGGGCGCCCACCCAAACATGAGCTGGAGCAAAAAGAAAGGGATGGGGGACTTG
GAGTAGGCATAGGGGCGGCCCCTCCAAGCAGGGTGGCCTGGGACTCTTAAGGGTCAGCGA
GAAGAGAACACACACTCCAGCTCCCGCTTTATTCGGTCAGATACTGACGGTTGGGATGCC
TGACAAGGAATTTCCTTTCGCCACACTGAGAAATACCCGCAGCGGCCCACCCAGGCCTGA
CTTCCGGGTGGTGCGTGTGCTGCGTGTCGCGTCACGGCGTCACGTGGCCAGCGCGGGCTT
GTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGCGGAGCCGCTGTGGCACTGCTGCGCCT
CTGCTGCGCCTCGGGTGTCTTTTGCGGCGGTGGGTCGCCGCCGGGAGAAGCGTGAGGGGA
CAGATTTGTGACCGGCGCGGTTTTTGTCAGCTTACTCCGGCCAAAAAAGAACTGCACCTC
TGGAGCGGGTTAGTGGTGGTGGTAGTGGGTTGGGACGAGCGCGTCTTCCGCAGTCCCAGT
CCAGCGTGGCGGGGGAGCGCCTCACGCCCCGGGTCGCTGCCGCGGCTTCTTGCCCTTTTG
TCTCTGCCAACCCCCACCCATGCCTGAGAGAAAGGTCCTTGCCCGAAGGCAGATTTTCGC
CAAGCAAATTCGAGCCCCGCCCCTTCCCTGGGTCTCCATTTCCCGCCTCCGGCCCGGCCT
TTGGGCTCCGCCTTCAGCTCAAGACTTAACTTCCCTCCCAGCTGTCCCAGATGACGCCAT
CTGAAATTTCTTGGAAACACGATCACTTTAACGGAATATTGCTGTTTTGGGGAAGTGTTT
TACAGCTGCTGGGCACGCTGTATTTGCCTTACTTAAGCCCCTGGTAATTGCTGTATTCCG
AAGACATGCTGATGGGAATTACCAGGCGGCGTTGGTCTCTAACTGGAGCCCTCTGTCCCC
ACTAGCCACGCGTCACTGGTTAGCGTGATTGAAACTAAATCGTATGAAAATCCTCTTCTC
TAGTCGCACTAGCCACGTTTCGAGTGCTTAATGTGGCTAGTGGCACCGGTTTGGACAGCA
CAGCTGTAAAATGTTCCCATCCTCACAGTAAGCTGTTACCGTTCCAGGAGATGGGACTGA
ATTAGAATTCAAACAAATTTTCCAGCGCTTCTGAGTTTTACCTCAGTCACATAATAAGGA
ATGCATCCCTGTGTAAGTGCATTTTGGTCTTCTGTTTTGCAGACTTATTTACCAAGCATT
GGAGGAATATCGTAGGTAAAAATGCCTATTGGATCCAAAGAGAGGCCAACATTTTTTGAA
ATTTTTAAGACACGCTGCAACAAAGCAGGTATTGACAAATTTTATATAACTTTATAAATT
ACACCGAGAAAGTGTTTTCTAAAAAATGCTTGCTAAAAACCCAGTACGTCACAGTGTTGC
TTAGAACCATAAACTGTTCCTTATGTGTGTATAAATCCAGTTAACAACATAATCATCGTT
TGCAGGTTAACCACATGATAAATATAGAACGTCTAGTGGATAAAGAGGAAACTGGCCCCT
TGACTAGCAGTAGGAACAATTACTAACAAATCAGAAGCATTAATGTTACTTTATGGCAGA
AGTTGTCCAACTTTTTGGTTTCAGTACTCCTTATACTCTTAAAAATGATCTAGGACCCCC
GGAGTGCTTTTGTTTATGTAGCTTACCATATTAGAAATTTAAAACTAAGAATTTAAGGCT
GGGCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCGGATCAC
TTGAGGCCAGAAGTTTGAGACCAGCCTGGCCAACATGGTGAAACCCTATCTCTACTAAAA
ATACAAAAAATGTGCTGCGTGTGGTGGTGCGTGCCTGTAATCCCAGCTACACGGGAGGTG
GAGGCAGGAGAATCGCTTGAACCCTGGAGGCAGAGGTTGCAGTGAGCCAAGATCATGCCA
CTGCACTCTAGCCTGGGCCACATAGCATGACTCTGTCTCAAAACAAACAAACAAACAAAA
AACTAAGAATTTAAAGTTAATTTACTTAAAAATAATGAAAGCTAACCCATTGCATATTAT
CACAACATTCTTAGGAAAAATAACTTTTTGAAAACAAGTGAGTGGAATAGTTTTTACATT
TTTGCAGTTCTCTTTAATGTCTGGCTAAATAGAGATAGCTGGATTCACTTATCTGTGTCT
AATCTGTTATTTTGGTAGAAGTATGTGAAAAAAAATTAACCTCACGTTGAAAAAAGGAAT
ATTTTAATAGTTTTCAGTTACTTTTTGGTATTTTTCCTTGTACTTTGCATAGATTTTTCA
AAGATCTAATAGATATACCATAGGTCTTTCCCATGTCGCAACATCATGCAGTGATTATTT
GGAAGATAGTGGTGTTCTGAATTATACAAAGTTTCCAAATATTGATAAATTGCATTAAAC
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DNA variations

• Mutations

• Rare variants

• Polymorphisms

• Classically:
– Silent changes (isocoding changes) [TGT > TGC, or Cys>Cys]
– Missense changes [TGT > TGG, or Cys>Trp]
– Nonsense changes [TGT > TGA, or Cys>End]
– Others [for example: TGT > TG-, or Cys>fs]
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Mutations

• Rare DNA changes (<1% allele frequency) that are 
associated to a (deleterious) phenotype
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Rare variants or rare changes

• Rare DNA changes (<1% allele frequency) that are 
usually neutral
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Polymorphisms

• Common DNA changes (>1% allele frequency)

• They are responsible for common phenotypic 
variations

• They include several kinds of DNA changes
– Short tandem repeats (STRs or microsatellites)
– Single-nucleotide polymorphisms (SNPs)
– Polymorphic microdeletions or microinsertions
– Copy number variations (CNVs)
– Other changes
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Microsatellites

CACACA
CACACACA

CA
CACACACA

CA
CA

3,4

1,4

1,1



Genes: from sequence to function24

Microsatellites

© Memorial University of Newfoundland

M:          240,230   260,190   240,190    260,240  260,230  230,190  260,240   240,190 

M’, M’’, M’’’, M’’’’ = alleles of M

260

240
230

190
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SNPs

AACG  ATCCACG
A
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Microdeletions or microinsertions

AGTGCTTGCAACTGACTAC

AGTGCTT--AACTGACTAC

AGTGCTTGCAACTGACTAC

AGTGCTTGCCAACTGACTAC
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CNVs
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DNA Markers

• DNA markers are sequences on the DNA that are 
variable and easily recognizable

• Usually, DNA markers are used as tools for genetic 
investigations

• In principle, any detectable polymorphism can be a 
DNA marker, but mostly only SNPs and 
microsatellites are used.
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Important note: from now on, only Mendelian 
characters are considered…

…and human genetic diseases are taken as example.

HOWEVER

the notions outlined here are in principle valid for 
other traits, other organisms, and other phenotypes
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Mitochondrial (maternal)
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Microsatellite mapping
2_6

3_13 3_12 3_15

4_14 4_15

KCNQ1

251
108
197
100

249
106
197
96

251
108
197
100

251
108
197
100

251
108
197
100

249
106
197
96

249
122
209
83

249
120
209
83

249
114
209
100

251
110
205
96

249
114
209
100

249
108
197
100

D11S1363
D11S4046
D11S4146
D11S1760
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Microsatellite mapping
2_6

3_13 3_12 3_15

4_14 4_15

SCN5A
266
301
288

266
297
291

266
301
288

266
301
288

266
301
288

266
301
288

262
297
300

262
297
296

251
297
300

262
295
288

262
295
288

262
295
288

D3S1609  
D3S1277  
D3S3521
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Let’s get (finally) started

• We got the sequence: now what?

• The identification of human disease-genes is taken 
as an example of experimental annotation of the 
raw DNA primary sequence

• A few cases are provided, to illustrate various real-
life possibilities
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From: Strachan and Read
Human Molecular Genetics
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Position-independent gene identification
[1. Starting from the protein product]

• It is mostly a pre-genomic strategy, relying on 
protein information and on biochemical notions

• The most famous example is Sickle Cell Anemia, 
where hemoglobin was shown to be different in 
patients vs. controls (1949)

• Obviously, the genetic defect should lie in the DNA 
encoding for the globins
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• Classically, the identification of the gene, starting 
from the protein sequence, was obtained by 
reverse-translation of the aa sequence, followed by 
Southern blot

From: Strachan and Read
Human Molecular Genetics

Position-independent gene identification
[1. Starting from the protein product]
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• Nowadays, we would BLAST public databases with 
the sequence of interest…

• …and the whole experimental strategy would last 
only a few minutes 

Position-independent gene identification
[1. Starting from the protein product]
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Position-independent gene identification
[2. Starting from an animal model]

• Another (relatively rare) possibility comes from the 
identification of the gene in a mouse model and 
subsequent identification in another species (e.g. 
human)

• Again, in the past this was done with DNA probes. 
Today, we would again use BLAST.
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Position-independent gene identification
[3. The “candidate gene” approach]

• The choice of candidates is based on:

1. Tissue specificity and abundance

2. Chromosomal location

3. Sequence information and length

4. Similarity to other known disease-causing genes

5. Other characteristics (gene expression, etc.)
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Position-independent gene identification
[3. The “candidate gene” approach]

• The candidate gene approach represents a very 
powerful gene identification system. It is applied 
when all of the following conditions are fulfilled:

1. The phenotype is genetically heterogeneous

2. The molecular mechanisms determining the 
phenotype are known

3. The sequence of the candidate gene is known

4. Large cohorts of unrelated individuals are available
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Position-independent gene identification
[3. The “candidate gene” approach]

Recessive retinitis pigmentosa genes (% of cases)

USH1D  0.25%

BBS1 + BBS2 + BBS4  +
BBS7 + MKKS  =   8%

PDE6B  4%

MYO7A  6%

PDE6A  3%

CNGA1  2%
CNGB1  1%
ABCA4  1%
CRB1  1%

LRAT  1%
MERTK  1%

TULP1  1%
RHO  1%

RLBP1  1%
SAG  <1%

RGR  0.5%
NR2E3  0.25%

Unknown
45%

USH2A  20%

RPE65  2%

The phenotype is genetically heterogeneous
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Position-independent gene identification
[3. The “candidate gene” approach]

AR R
P

AR R
P

AD R
P

AD R
P

AD C
SNB 

AD C
SNB 

AD C
SNB 

AR R
P

AR R
P

AD C
SNB 

LC
A

AD R
P

AR C
SNB 

Ogu
ch

i

LC
A

AD R
P

AR R
P

AR R
P

The molecular mechanisms determining the phenotype are known

AD R
P

AD C
SNB 
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Position-independent gene identification
[3. The “candidate gene” approach]

• The sequence of the candidate gene is known

• Large cohorts of unrelated individuals are available

Extract DNAApprox.
12000 patients

Fill 96-well plates
according to diagnoses

Amplify the sequence
of interest by PCR

Analyze by DNA
sequencing

Detect sequence
changes

Perform co-segregation analysis and screening of normal controls
to ascertain pathogenic changes
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Position-independent gene identification
[3. The “candidate gene” approach]
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Position-independent gene identification
[3. The “candidate gene” approach]

2002000Controls

96915Patients

TotalDo not have 
the DNA 
change

Have the 
DNA change

Fisher's Exact Test p-value =0.003
Chi-Square Test p-value = 0.005
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Position-independent gene identification
[3. The “candidate gene” approach]

2001973Controls

96915Patients

TotalDo not have 
the DNA 
change

Have the 
DNA change

Fisher's Exact Test p-value =0.117
Chi-Square Test p-value = 0.144
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Position-independent gene identification
[3. The “candidate gene” approach]

• Further validation could include

1. Biochemical analysis of recombinant protein 
products carrying the detected variant (e.g. 
phosphorylation assay for a wild-type vs. mutant 
kinase)

2. Immunocytochemistry of the same (does the 
recombinant protein de-localize?)

3. Construction of animal models

4. …
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Positional cloning (position-dependent gene 
identification)

[Step 1: define the position]

• Several methods are possible:

1. Linkage and haplotype analyses (from families with 
multiple affected individuals). This is the most used 
method

2. Synteny maps

3. Chromosomal anomalies

4. …
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Positional cloning
[Step 1: define the position]

Linkage and haplotype analyses

From: Strachan and Read
Human Molecular Genetics
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Positional cloning
[Step 1: define the position]

Synteny maps

From: Gregory et al. Nature 418:743-750
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Positional cloning
[Step 1: define the position]

Chromosomal anomalies

From: Strachan and Read
Human Molecular Genetics
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Positional cloning
[Step 2: define the genes within the interval]

• This is easy (in 2009): go to Ensembl, NCBI, UCSC’s
genomic browser, etc.
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Positional cloning
[Step 3: prioritize the candidates]

• Ideally, one should “prioritize” the genes to be 
screened, among all those that are present in the 
identified interval

• The procedure is technically called “target 
prioritization” and is more or less the same as the 
one described previously for the candidate gene 
approach
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Positional cloning
[Step 4: obtain the template DNA]

• To screen for mutations, it is necessary to obtain 
enough DNA from patients, also in a suitable form 
for sequencing. This is achieved by either:

1. Library screening (old-fashioned, time consuming)

2. Exon PCR

3. Long-range PCR

4. Microarray-based sequence capture (since 2008!)

5. …?
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Positional cloning
[Step 4: obtain the template DNA]

Library screening

Limitations: VERY time-consuming
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Positional cloning
[Step 4: obtain the template DNA]

Exon PCR

Genomic DNA

mRNA transcripts

PCRs

Advantages: relatively quick processing
Limitations: only exons are screened
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Positional cloning
[Step 4: obtain the template DNA]

Long-range PCR

Genomic DNA

mRNA transcripts

Long-range PCRs
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Positional cloning
[Step 4: obtain the template DNA]

Microarray-based sequence capture

Advantages: large-scale approach 
(hundreds of genes can be investigated

Limitations: many false positives
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Positional cloning
[Step 5: Find the DNA variants, etc.]

• Once it has been obtained, the template DNA is 
sequenced and the results analyzed as described 
previously for the candidate gene approach 
(cosegregation analyses, statistical test, functional 
tests, etc.)


